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ABSTRACT 


This  is  a  report  of  the  work  accomplished  on  Project  VT/7702  from  1  April 
trough  30  June  1967.  Project  VT/7702  includes  the  operation,  evaluation, 
improvement,  and  expansion  of  the  Tonto  Forest  Seismological  Observatory 
(TFSO)  located  near  Payson,  Arizona.  It  also  includes  special  research  and 
test  functions  carried  out  at  TFSO  and  research  and  development  tasks  per¬ 
formed  by  the  Garland,  Texas,  staff  using  TFSO  data. 
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OPERATION  OF  THE 

TONTO  FOREST  SEISMOLOGICAL  OBSERVATORY 


1.  INTRODUCTION 


1.1  AUTHORITY 

The  research  described  in  this  report  was  supported  by  the  Advanced  Research 
Projects  Agency,  Nuclear  Test  Detection  Office,  and  was  monitored  by  the 
Air  Force  Technical  Applications  Center  (AFTAC)  under  Contract 
AF  33(657) -67 -C-0091.  The  contract  is  dated  1  January  1967;  the  Statement 
of  Work  for  Project  VT/7702  is  included  as  the  appendix  to  this  report. 


1 .  2  HISTORY 

The  Tonto  Forest  Seismological  Observatory  (TFSO)  was  constructed  by  the 
United  States  Corps  of  Engineers  in  1963.  TFSO  was  designed  to  record 
seismic  events  and  to  be  used  as  a  laboratory  for  testing,  comparing,  and 
evaluating  advanced  seismograph  equipment  and  Beismomtuic  recording 
techniques.  The  instrumentation  was  assembled,  installed,  and  operated 
until  30  April  1965  by  the  Earth  Sciences  Division  of  Teledyne  Industries 
under  Contract  AF  3?{657)-7747.  In  March  1964,  the  Long-Range  Seismic 
Measurements  (LRSM)  Program  provided  eight  mobile  seismic  recording  vans 
to  extend  the  existing  instrument  arrays  at  TFSO.  On  1  May  1965,  Geotech 
assumed  the  responsibility  for  operating  TFSO.  The  LRSM  vans  were  phased 
out  of  the  TFSO  operation  on  3  October  1965.  On  1  January  1967,  Contract 
AF  3  3(657)-67-C-0091  was  awarded  to  Geotech  for  the  operation  and  expansion 
of  the  Tonto  Forest  Seismological  Observatory.  The  location  of  TFSO  is 
shown  in  figure  1. 


2.  OPERATION  OF  TFSO 


2.  1  GENERAL 

Data  are  recorded  at  TFSO  on  a  24-hour-a-day  basis.  The  observatory  is 
manned  continously.  A  full  complement  of  personnel  is  on  duty  8  hours  a  day, 
5  days  a  week;  at  other  times,  a  reduced  operating  crew  is  on  duty. 
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2.  2  STANDARD  SEISMOGRAPH  OPERATING  PARAMETERS 

The  operating  parameters  and  tolerances  for  the  TFSO  standard  seismographs 
are  shown  in  table  1.  Frequency  response  tests  are  made  routinely,  and 
arameters  are  checked  and  reset  to  maintain  the  specified  tolerances. 

Normalized  response  characteristics  of  TFSO  standard  seismographs  are 

ttf  TPQO  !gUre  2'  -D,Uring  P°rtions  of  sporting  period,  the  response  of 
the  TFSO  long-period  seismograph  system  was  changed  to  conform  to  the 

response  of  the  LRSM  portable  long-period  seismograph  systems  used  for  the 
long-period  noise  survey  which  is  discussed  in  section  7.  6. 

In  addition  to  these  standard  seismographs,  two  filtered  summation  seismographs 

TJ!C°rded-  A  UED  fllter  with  a  h*8h“cut  frequency  at  1.  75  cps  r.nd  a  slope 
of  24  dB  per  octave  and  a  low-cut  frequency  at  0.  7  cps  with  a  slope  of  24  dB 
per  octave  is  used  to  record  the  ETF  seismograms  on  16-millimeter  film 
(Data  Trunks  1  and  7)  and  on  magnetic  tape  (Data  Trunks  2  and  5).  A  Krohn- 
Hite  filter  with  the  high-cut  frequency  set  at  3.  0  cps  with  a  slope  of  24  dB  per 
octave  and  the  low-cut  frequency  set  at  1.  0  cps  with  a  slope  of  24  dB  per 
octave  is  used  to  record  the  ETFK  seismograms  on  16-millimeter  film  (Data 
runk  1).  On  28  April,  the  high-cut  frequency  of  the  Krohn-Hite  filter  was 

changed  to  2.  0  cps  and  was  operated  at  this  setting  for  the  remainder  of  the 
reporting  period. 


2.  3  DATA  CHANNEL  ASSIGNMENTS 

Each  data  format  recorded  at  TFSO  is  assigned  a  data  group  number.  When 
a  data  format  is  changed,  a  new  data  group  number  is  assigned.  Several  data 
format  change  notices  reporting  changes  in  channel  assignments  and  data 
group  number  assignments  were  submitted  to  the  Project  Officer  and  to  fre¬ 
quent  users  of  TFSO  data  during  this  reporting  period. 


2.  4  COMPLETION  AND  SHIPMENT  OF  DATA 

The  magnetic-tape  seismograms  are  shipped  from  TFSO  each  week.  Three 
of  the  magnetic -tape  recorders  are  used  to  record  data  for  the  AFTAC/VELA 
Sei sinological  Center  (VSC),  and  three  magnetic-tape  recorders  are  used  to 
provide  data  to  universities.  When  data  from  all  three  magnetic-tape  units 
are  not  retiuired  by  the  universities,  the  observatory  notifies  VSC. 

Film  records  from  ten  Develocorders  are  routinely  shipped  to  data  users. 

e  film  and  magnetic -tape  operation  logs  and  calibration  logs  are  copied  and 
shipped  with  the  seismograms.  Copies  of  selected  Develocorder  data  are  sent 
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NORMALIZED  MAGNIFICATION 


Figure  2.  Normalized  response  characteristics  of 
standard  seismographs  at  1FSO 


to  Geotech  regularly  and  to  other  data  users  on  special  request.  The  shipments 
of  i 6 -millimeter  film  seismograms  routinely  sent  to  the  Seismic  Data  Labo¬ 
ratory  (oUL)  repository  are  complete  through  Ap.'il  1967, 

2.  5  QUALITY  CONTROL 

2.  5.  1  Quality  Control  of  16-Millimeter  Film  Seismograms 

°f  rjan0domly  selected  16 -millimeter  film  seismograms 
Garland  J  1  **  associated  operation  logs  are  made  in 

iTclide  ‘  mS  are  r°Utmely  checked  bY  the  quality  control  analyst 

a.  Film  boxes  -  neatness  and  completeness  of  box  markings; 

t  Develocorder  logs  -  completeness,  accuracy,  and  legibility  of  logs; 
c.  Film; 

(1)  Quality  of  the  overall  appearance  of  the  record  (for  example 
trace  spacing  and  trace  intensity);  P 

(2}  Quality  of  film  processing; 

sheets  d  AnalySiS  "  comPleteness»  legibility,  and  accuracy  of  the  analysis 


Results  of  these  evaluations  are  sent  to  the  observatory  for  their  review  and 
comment. 

2-  5-  2  Control  of  Magnetic -Tape  Seismograms 

Routine  quahty  control  check,  of  randomly  .elected  magnetic-tape  sei.mog-am. 
were  made  in  Garland  and  at  TFSO  to  a.aure  that  recording,  met  specified 

standards.  The  following  are  among  the  items  that  were  checked  by  the  quality 
control  group:  7 

a.  Tape  and  box  labeling; 

b.  Accuracy,  completeness,  and  neatness  of  logs; 

applicable  AdeqU*te  documentation  of  logs  by  voice  comments  on  tape  where 


. 

d.  Seismograph  polarity; 

e.  Level  of  calibration  signals; 

f.  Relative  phase  shift  between  array  seismographs; 

g.  Level  of  the  microseismic  background  noise; 

h.  Level  of  the  system  noise; 

i.  PTA  dc  balance; 

j.  Oscillator  alignment; 

k.  Quality  of  the  recorded  WWV  signal  where  applicable; 

l.  Time -pulse  carrier; 

m.  Binary  coded  digital  time  marks. 

2.  6  SECURITY  INSPECTION 

Mr.  Ray  Posage,  Industrial  Security  Inspector  from  Phoenix,  Arizona,  made 
a  routine  security  inspection  of  the  observatory  on  7  April  1967.  All  security 
procedures  were  found  to  be  in  order. 

2.  7  EMERGENCY  POWER  GENERATOR 

The  emergency  power  generator  was  operated  for  several  hours  each  month 
uring  this  reporting  period.  Most  of  the  operating  time  was  for  maintenance 
purposes;  however,  a  few  hours  of  operation  were  necessary  because  of  com¬ 
mercial  power  fluctuations. 

2.8  TEST  EQUIPMENT  CALIBRATIONS 

^eannua!  test  equipment  calibration  which  was  started  during  March  at 
TFSO  was  completed  during  April  1967. 


3.  EVALUATE  DATA  AND  DETERMINE  OPTIMUM 
OPERATIONAL  CHARACTERISTICS 


3.  1  MODIFICATIONS  TO  TFSO  INSTRUMENTATION 
3.  1.  1  TFSO  Long-Period  Response  Change 

The  TFSO  long-period  seismograph  systems  had  been  operated  with  the 
frequency  response  shown  in  figure  3  since  early  in  the  year.  On  18  April 
1967,  the  long-period  seismograph  response  was  changed  back  to  the  standard 
response  (figure  2). 

3.  1.  2  Deletion  of  Elements  from  the  31 -Element  Array 

On  22  April  1967,  operation  of  11  of  the  remaining  19  elements  of  the  original 
31 -element  array  was  discontinued.  The  field  cables  from  these  elements  have 
been  retrieved  and  tested,  and  the  seismometers  are  currently  being  modified 
and  checked  in.  preparation  for  their  installation  in  the  37-element  array. 

Figure  4  shows  the  locations  of  the  systems  currently  being  operated. 

3.  1.  3  Broad-Band  Systems 

On  19  April  1967,  operation  of  the  TFSO  broad-band  systems  was  suspended. 
This  action  was  necessary  to  make  available  pier  space  on  which  to  install  the 
ocean  bottom  sphere  for  the  long-period  seismograph  tests  (see  section  6.  1) 
during  May  1967. 


3.  2  TESTING  OF  TFSO  INSTRUMENTATION 
3.  2.  1  Long-Period  Surface  Vault 

Operation  of  a  horizontal  long-period  system  in  an  experimental  surface  vault 
was  discontinued  on  19  April  1967.  The  horizontal  long-period  seismometer 
was  required  for  installation  in  the  ocean  bottom  sphere. 


4.  ANALYZE  DATA 

4.  1  DAILY  REPORTS  TO  THE  COAST  AND  GEODETIC  SURVEY 

TFSO  reports  the  time  of  arrival,  period,  and  peak  amplitude  of  events 
recorded  at  TFSO  to  the  Director  of  the  Coast  and  Geodetic  Survey  (C&GS) 


PERIOD  (ueondt) 


figure  3.  Typical  response  of  TFSO  three -component  long-period 
system  as  modified  on  18  January  1967 
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Figure  4.  Tonto  Forest  Seismological  Observatory 
vault  locations,  30  June  1967 
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in  Washington,  D.  C.  ,  daily.  The  number  of  events  reported  by  TFSO  during 
each  month  of  the  reporting  period  is  shown  in  table  2  by  type.  Lists  of  hypo- 
centers  located  by  the  C&GS  for  these  months  are  incomplete. 


Table  2.  Number  of  earthquakes  reported  to  the  C&GS  by 
_ _ TFSO  between  1  April  and  30  June  1967 


April  1967 


May  1967 


L  _N  R  T  Total  L 

15  142  24  1251  1432  32 


NR  T  Total 

188  44  1078  1342 


June  1967 


4.  2  DAILY  ANALYSIS  FOR  MULTISTATION  EARTHQUAKE  BULLETIN 

Data  from  TFSO  are  combined  with  data  from  CPSO,  BMSO,  UBSO,  and  WMSO 
and  published  in  a  monthly  multistation  earthquake  bulletin.  The  bulletins  for 
December  i960  through  March  1967  were  published  during  this  reportin<  period. 
Raw  data  for  March,  April,  and  May  1967  were  transcribed  onto  digital  magnetic- 
tape  and  sent  to  SDL  for  processing.  Keypunching  of  the  June  raw  data  is  about 
20  percent  complete. 


4.  3  ROUTINE  NOISE  SURVEY 

Measurements  of  ambient  noise  in  the  0.  4-  to  1.  4-second  period  range  are 
made  from  the  16 -millimeter  film,  short-period  seismograms,  daily,  at 
TFSO.  Data  are  processed  in  Garland,  and  monthly  cumulative  probability 
curves  of  trace  amplitude  and  ground  displacement  as  recorded  on  the  Z60, 

ET,  and  ETF  seismograms  are  published.  Curves  for  the  months  of  February 
through  May  1967  were  sent  to  the  Project  Officer  during  this  reporting  period. 


5.  PROVIDE  OBSERVATORY  FACILITIES  AND 
ASSISTANCE  TO  OTHER  ORGANIZ Atthmq 


5.  1  ASTRODATA  DATA  ACQUISITION  SYSTEM  (ASDAS) 

No  problems  were  encountered  with  the  Astrodata  system  during  this  reporting 
period.  The  equipment  was  operated  for  appi oximately  50  hours  during  which 
34  digital  seismograms  were  recorded. 
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All  16 -millimeter  film  seismograms  recorded  under  Data  Group  7211  were 
sent  to  the  California  Institute  of  Technology  (Cal  Tech),  weekly,  except  for 
data  requested  by  VSC. 


5.  3  TELEMETRY  TO  MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 

Telemetry  of  seven  seismograph  channels  to  Lincoln  Labs,  Massachusetts 
Institute  of  Technology  (MIT),  continued  throughout  this  reporting  period. 
MIT  is  notified  in  advance  when  the  seismographs  are  attenuated  for  special 
tests. 

| 

1 

5.  4  ASTROGEOLOGICAL  DEPARTMENT  OF  USGS 

TFSO  has  continued  to  support  Dr.  Harold  Krivoy  of  the  Astrogeological 
Department  of  the  United  States  Geological  Survey  (USGS)  in  Flagstaff, 
Arizona.  Dr.  Krivoy  receives  copies  of  the  daily  station  message  routinely, 
and  prints  of  events  of  special  interest  are  sent  to  him  on  request. 


5.  5  LRSM  SIGNAL  STUDY 

Effective,  8  April  1967,  copies  of  the  TFSO  daily  TWX  message  to  the  CkGb 
were  mailed  to  the  LRSM  Group  in  Garland,  Texas.  Also,  from  1  through 
23  May  1967,  information  consisting  of  basic  measurements  taken  from  large 
teleseismic  events  was  reported  by  telephone. 


5.  6  VISITORS 


5.  6.  1  Visits  by  School  Groups 


Arizona  State  University  students  and  instructors  visited  TFSO  on  14,  21, 
and  28  April  1967.  Approximately  210  visitors  were  given  tours  of  the 
observatory  and  brief  lectures  on  seismology. 

5.  6.  2  Teledyne  Visitors 

Mr.  George  Walker,  head  buyer  for  Geotech,  visited  the  station  during 

April  1967  to  interview  contractors  interested  in  submitting  bids  for  site  1 

preparation  and  road  construction  for  the  37-element  short-period  array, 

and  to  receive  bids.  Mr.  O.  D.  Starkey  visited  TFSO  during  May  1967  to 

install  and  check  the  solid-state  long-period  amplifier  now  being  evaluated. 
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5.  6.  3  Visit  by  the  Program  Manager 

Mr.  B.  B.  Leichliter,  Geotech  Program  Manager,  and  Mr.  M.  E.  Robinson, 
Program  Engineer,  visited  TFSO  during  May  1967.  The  status  of  current 
work  was  reviewed  and  future  work  of  Project  VT/7702  was  planned,  especially 
the  expansion  of  the  short-period  array. 


6.  RESEARCH  PROGRAMS 


6.  1  1 ESTS  OF  THE  PERFORMANCE  OF  LONG-PERIOD  SEISMOMETERS 
IN  AN  EVACUATED  SPHERICAL  CHAMBER 

To  determine  the  operational  characteristics  of  long-period  seismometers  in 
evacuated  environments,  we  obtained  a  spherical  chamber  used  to  bouse  the 
Texas  Instruments  (TI)  ocean  bottom  seismograph  on  a  loan  basis  under 
Project  VT/5055. 

We  postulated  that  an  environment  evacuated  to  a  pressure  of  about  one 
thousandth  of  an  atmosphere  would  eliminate  or  greatly  reduce  the  effects 
from  several  potential  sources  of  nonseismic  noise.  The  effects  caused  by 
pressure  changes  (for  example,  mass  bouyancy  forces  and  piston-type  forces 
exerted  on  the  boom  assembly)  and  those  caused  by  air  convection  currents 
acting  on  the  seismometer  case  were  expected  to  be  substantially  reduced. 
Because  the  heat  conduction  through  the  air  is  greatly  reduced,  the  temperature 
of  the  struments  is  expected  to  be  considerably  more  stable  than  that  of  similar 
instruments  operated  in  conventional  environments,  allowing  quieter  operation 
of  the  seismographs. 

We  anticipated  that  the  attenuation  of  the  noise  produced  by  these  mechanisms 
would  allow  a  more  detailed  study  of  any  remaining  nonseismic  noise,  afford 
a  better  opportunity  to  isolate  specific  sources  of  this  noise,  and  to  study 
the  effects  of  controlled  noise  generators  (for  example,  differential  heating 
of  the  seismometer  and  earth-tilt). 

The  t  cherical  housing  and  a  vacuum  system  were  sent  to  TFSO  during  early 
April,  &nd  a  mobile  hoist  was  modified  tc  handle  the  sphere  within  the  long- 
period  \  .ult  and  pier  room.  During  May,  the  sphere  was  assembled  on  the 
pier,  a  horizontal  long-period  seismometer  was  checked  out  and  installed 
inside  the  sphere,  oriented  east-west,  and  the  sphere  was  sealed  and  evacuated 
(see  figure  5).  Shortly  thereafter,  lightning  damaged  a  portion  of  the  remote 
mass -positioning  equipment,  necessitating  opening  of  the  sphere  to  repair 
the  damage.  The  sphere  was  again  staled  and  evacuated  to  approximately 
1/1000  of  an  atmosphere. 
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Figure  5.  Ocean  bottom  sphere  in  place  on  the  long- 
period  pier  at  TFSO.  The  sphere  has  been 
sealed  and  evacuated 


G  2919 


The  seismograms  produced  by  the  seismometer  in  the  sphere  were  designated 
E57L.P  and  were  recorded  on  the  experimental  long-period  Develocorder 
adjacent  to  the  E52LP  seismograms  which  were  produced  by  the  standard, 
east-west  long-period  horizontal  seismometer  installed  on  the  same  pier  with 
the  sphere.  All  of  the  seismograms  made  to  date  have  been  made  with  the 
vault  sealed  and  have  shown  a  marked  similarity  between  E57L.P  and  E52JLP 
(see  figures  6  through  9).  A  detailed  examination  of  all  data  recorded  on  16 
and  17  June  revealed  no  difference  in  the  seismograms,  except  for  minor 
variations  expected  because  of  slight  differences  in  magnification  and  seis¬ 
mograph  frequency  and  phase  responses. 

Because  the  test  and  control  seismometers  were  operated  in  greatly  different 
environ  nents,  and  because  the  seismograms  produced  by  the  test  and  control 
seismographs  were  essentially  identical,  we  conclude  that  no  noise  caused  by 
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TFSO  Figure  6.  TFSO  experimental  long-period  seismogram  illustrating  the  similarity  in 

16  June  1967  the  response  of  the  test  seismographs  (E52LP  and  E45LP)  and  the  correspond- 

Run  167  ing  control  seismographs  (E57LP  and  E54LP)  during  an  atmospherically 

DT  LP  Exp  calm  period;  the  door  to  the  long-period  pier  room  was  sealed. 

(X1C  enlargement  of  16  mm  film) 
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air  motion  due  to  pressure  changes  and/or  convection  or  noise  caused  by 
temperature  instabilities  within  the  instruments  was  present  on  either  of  the 
seismograms. 

Near  the  end  of  the  reporting  period,  the  marine  door  to  the  long -period  pier 
room  was  opened  to  facilitate  comparisons  of  the  operation  of  seismometers 
in  sealed  and  unsealed  environments.  To  date,  no  data  are  available  from  this 
phaso  of  the  tests.  We  plan  to  complete  this  phase  of  the  tests  durin  July  and 
to  begin  other  controlled  environmental  tests.  When  tests  of  the  operation  of 
tne  test  seismometer  in  the  pier  room  are  complete,  we  will  move  the  sphere 
out  of  the  vault  and  install  it  on  the  surface  adjacent  to  a  near-surface  tank 
vault  so  thJtt  operations  of  seismometers  in  these  environments  can  be  compared. 

6.  2  COMMUNICATIONS  SYSTEM 

TFSO  received  a  communications  license  for  the  mobile  radio  system  from 
the  Federal  Communications  Commission  on  1  May.  Installation  and  checkout 
of  the  radios  was  accomplished  on  4  and  5  May.  The  communications  system 

halP:°jr,t0  ^  V6ry  8ati8factory;  to  da*e  we  have  been  able  to  communicate 
with  TFSO  from  all  points  checked  within  30  miles  of  the  observatory. 


6.  3  EVALUATION  OF  SHORT-PERIOD  SEISMOGRAPH  WITH  A  SOLID-STATE 
AMPLIFIER 

In  April  1967,  a  short-period  seismograph  employing  a  Geotech  Solid-State 
mplifier,  Mo  el  25220-03,  and  a  Model  6480  JM  seismometei  with  a  special 
high-impedance  coil  were  installed  at  TFSO,  adjacent  to  a  standard  short- 
period  seismograph,  for  evaluation. 

This  system  was  similar  to  the  short-period  solid-state  seismograph  tested 
at  TFSO  in  December  1966  (see  TR  67-13)  except  that  this  system  uses  wide¬ 
band  FM  data  transmission.  A  block  diagram  of  the  system  is  shown  in 
figure  10. 

Frequency  responses  of  the  short-period  solid-state  seismograph  (Z55SS) 
and  the  standard  TFSO  control  seismograph  (Z74)  are  shown  in  figure  11. 

Visual  analysis  of  the  film  seismograms  indicates  that  the  performance  of 
the  two  systems  is  essentially  identical  (see  figures  12  and  13). 

Digital  samples  of  seismic  background  and  system  noise  from  the  Z55SS  and 
Z74  seismographs  were  recorded  on  the  Astrodata  digital  data  acquisition 
system.  The  digital  magnetic  tapes  were  processed  on  the  CDC  3100  computer 
in  Ganand  to  calculate  the  power  spectral  estimates  presented  in  figure  14 
and  15.  In  each  figure,  curve  A  corresponds  to  the  seismic  background  during 
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figure  10.  Simplified  block  diagram  of  the  sr.ort-period  system  with  a 
solid-state  amplifier  (Z55SS)  being  tested  at  TFSO 
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Figure  11.  Frequency  responses  for  the  Z65SS  seismograph  using 
a  solid-state  amplifier,  and  the  Z74  seismograph 
using  a  phototube  amplifier 
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Figure  14.  Spectral  relations  of  low  level  seismic  background 
and  system  noise  of  the  Z74  seismograph 


an  interval  of  low  seismic  activity  and  curve  B  corresponds  to  the  system 
electronic  noise  with  the  seismometer  replaced  by  a  resistor  with  a  resistance 
equal  to  that  of  the  seismometer  data  coil.  All  curves  were  corrected  for 
system  frequency  response. 

These  figures  indicate  that  the  system  noise  of  the  Z55SS  seismograph  is 
approximately  6  dB  below  that  of  the  Z74  seismograph- and  also  at  least  22  dB 
below  the  seismic  background  throughout  the  frequency  range  0.  2  to  4.  0  cps. 

The  results  of  these  tests  coupled  with  the  results  of  tests  reported  in  TR  67-13 
show  that  the  Model  25220-03-JM  seismograph  is  superior  to  the  short-period 
seismographs  currently  beii.g  operated  at  LAS  A  or  at  the  VELA-Uniform 
observatories.  We  plan  no  additional  testing  of  this  seismograph  at  this  time 
and  will  install  its  components  in  the  first  element  of  the  expanded  TFSO  short- 
period  array  during  July. 


6.  4  EVALUATION  OF  LONG -PERIOD  SEISMOGRAPH  WITH  A 
SOLID-STATE  AMPLIFIER 


’ 


Installation  of  a  long-period  seismograph  at  TFSO,  employing  a  Geotech  Solid- 
State  Amplifier,  Model  28450-02,  and  a  Model  7505A  long-period  seismometer, 
was  started  in  May,  and  preliminary  tests  were  begun  during  June. 

A  block  diagram  of  the  system  is  shown  in  figure  16  and  a  system  frequency 
response  is  shown  in  figure  17.  We  are  using  this  response,  which  is  based 
on  the  Long  Range  Seismic  Measurements  Program  (LRSM/  long-period  seis  ¬ 
mograph  response,  because  the  special  filters  necessary  to  match  the  response 
of  the  solid-state  long-period  seismograph  to  that  of  the  standard  TFSO  systems 
are  not  available  at  this  time.  So  that  direct  comparison  of  the  performance  of 
the  solid-state  long-period  seismograph  and  a  PTA  long-period  seismograph  if. 
possible,  we  plan  to  match  the  response  of  the  standard  TFSO  seismograph  to 
that  of  the  solid-state  long-period  seismograph  for  the  term  of  these  tests. 

The  seismographs  that  will  be  used  in  the  TFSO  long-period  array  will  be 
equipped  with  filters  that  wi1!  facilitate  their  operation  with  <:he  standard  TFSO 
long-period  response. 


6.  5  DESIGN  AND  INSTALL  A  SHORT -PERIOD  ARRAY 
6.  5.  1  Land  Permitting 

A  meeting  was  held  on  3  April  with  representatives  of  the  U.  S.  Forest  Service, 
U.  S.  Army  Corps  of  Engineers,  and  TFSO.  It  was  decided  that  TFSO  would 
furnish  copies  of  maps  showing  current  plans  for  the  37 -element  array  and  that 
the  Corps  of  Engineers  would  furnish  an  application  for  a  Special  Use  Permit. 
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Figure  16.  Simplified  block  diagram  of  the  long-period  system  with  a 
solid-state  amplifier  (Z102LP)  being  tested  at  TFSO 
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RELATIVE  MAGNIFICATION 


The  maps  were  supplied  on  12  April.  Verbal  authorization  to  proceed  with  the 
construction  was  given  by  the  Forest  Service  on  15  May  and  a  signed  copy  of 

Amendment  No.  4  to  the  TFSO  Memorandum  of  Agreement  No.  LA-1412  was 
received  on  5  June. 


Archeological  Control 


Archeological  inspection  of  the  expanded  array  area  was  started  on  14  June 
under  the  direction  of  Mr.  Roger  Kelley,  Associate  Professor  of  Archeology 
Arizona  Northern  University.  Clearance  has  been  given  for  all  sites  and  cable 
trails  within  segments  V  and  I  plus  sites  Z4,  Z12,  Z25,  Z28,  and  Z29  in 
segment  II.  Several  Indian  ruins  have  been  encountered  requiring  slight  re¬ 
routing  of  cables  in  the  vicinity  of  Z12  (see  figure  18). 


6.  5.  3  Site  Selection 


Site  ss  dec  ted  and  trails  flagged  during  this  reporting  period  included  Z3,’  Z4, 
Z5,  Z8,  Z9,  Z10,  Zll,  Z12,  Z19,  Z23,  Z24,  Z25,  Z26,  Z27,  Z28,  Z29,  Z30, 
Z31  anc  Z32.  Figure  19  shows  the  array  orientation  and  the  vault  location, 
cable  trail  location,  and  cable  trail  status  at  the  end  of  the  reporting  period. 


6.  5.  4  Material  Received 


All  spiral-four  cable  for  the  array  has  been  received  and  all  steel  vaults  are 
on  hand.  Steel  culvert  sections,  4  by  5  feet,  have  been  ordered  for  use  as 
retaining  walls,  and  shipment  of  these  is  scheduled  to  start  in  late  June  All 
miscellaneous  hardware,  messenger  cable,  posts,  grounding  rods,  hock 
sealent,  etc.  ,  is  either  on  hand  or  has  been  ordered. 


6-  5.  5  Site  and  Road  Construction 


Magini  Construction  Company  of  Phoenix,  Arizona,  was  awarded  the  site  and 
road  construction  contract.  Work  was  started  on  23  May;  figures  20  and  21 
show  cable  trail  construction  in  the  vicinity  of  Z9.  To  date,  all  access  and 
cable  trails  within  segment  I  and  segment  V  have  been  completed  plus  access 
roads  and  cable  trails  for  sites  Z9,  Z10,  and  Z3.  Actual  site  preparation  will 
begin  on  or  about  5  July.  Progress  has  been  somewhat  slower  than  anticipated 
due  to  stringent  Forest  Service  regulations  regarding  drainage,  gradients!  and 
brush  and  tree  disposal. 


6.  5.  6  Cable  Installation 


Cable  installation  along  the  northwest  and  northeast  legs  of  the  preset  linear 
array  are  essentially  complete.  Cable  for  11  systems  has  been  installed  from 
h®  er7nf  °f  the  northwest  linear  leg  to  the  junction  with  Z19,  also  between  Z21 
and  Z19  junction  and  from  Z37  and  Z20  south  to  the  control  road.  Z1  cabling 
is  complete.  6 
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Figure  19.  Plan  of  the  37 -element  array  showing  the  locations  of  the  sites, 
cable  trails,  and  cable  trail  construction  status 
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Figure  20.  Road  building  in  area  of  Z9 
showing  terrain  typica..  of  the  lower 
brush  country  ac  TFSO 
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Figure  21.  Road  building  in  area  of  Z9 
showing  terrain  typical  of  the  lower 
brush  country  at  TFSO 
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High-impedance  coils  are  presently  being  installed  in  JM  vertical  seismometers 
to  be  used  in  the  new  37 -element  array;  to  date,  32  have  been  installed.  After 
the  coils  are  installed,  the  calibrator  motor  constant  and  the  mass  position  of 
each  seismometer  is  adjusted. 


6.  6  DESIGN  AND  INSTALL  A  LONG-PERIOD  ARRAY 
6.  6.  1  Long-Period  Noise  Study 

The  five  LRSM  portable  systems  assigned  to  gather  data  for  the  LP  noise 
study  discontinued  operations  on  6  April  1967.  All  data  were  shipped  to  Garland, 
Texas,  for  transcription  onto  35-millimeter  film.  The  sites  have  been  restored,’ 
and  inspection  of  the  restored  areas  bv  the  U.  S.  Forest  Service  is  pending. 

The  average  phase  response  and  frequency  response  for  the  long-period  systems 
used  to  collect  the  noise  data  are  shown  in  figures  22  and  23,  respectively. 

Four,  40-minute,  long -period  vertical  noise-data  samples  were  carefully 
selected  by  an  experienced  analyst  for  digitizing.  The  samples  selected  were 
free  of  obvious  nonseismic  noise  and  earthquake  signals.  The  four  data 
samples  were  filtered  and  then  digitized  at  a  rate  of  2  samples  per  second. 

>wer  spectra  were  computed  for  each  station;  these  spectra  possess  the 
following  general  characteristics: 

1.  The  noise  power  occurs  in  two  frequency  bands,  0.  04  to  0.  082  cps 
and  0.  11  to  0.  165  cps. 

2.  The  power  spectra  may  be  space  stationary,  but  variations  in 
spectral  level  cause  some  doubt. 

3.  The  spectra  are  not  time  stationary. 

Coherence  functions  were  computed  for  all  possible  pairs  of  stations.  These 
functions  exhibited  the  following  general  properties: 

1.  The  noise  in  the  frequency  band  0,  04  to  0.  082  cps  shows  high 
oherence  for  small  station  separations  and  decreases  with  increasing  distance 

between  stations. 

2.  The  peak  coherence  usually  occurs  near  the  same  frequency  as  the 
spectral  peak  in  the  frequency  band  0.  04  to  0.  082  cps. 

3.  Th2  coherence  functions  are  not  time  or  space  stationary. 
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Phase  velocity  measurements  were  made  for  selected  frequencies.  Relative 
time  delays  between  stations  were  measured  from  phase  angles  from  the  cross 
power  spectra.  Standard  tripartite  methods  were  then  used  to  determine 
azimuth  of  propagation  and  phase  velocity.  The  results  indicate  that  noise  in 
the  frequency  range  0.  050  to  0.  063  cps  have  phase  velocities  on  the  order  of 
3.  35  to  3.  6  kilometers  per  second. 

A  detailed  account  of  the  data  selections,  processing,  and  interpretation  is 
being  prepared  for  publication  as  a  separate  technical  report. 

6.  6.  2  Data  Transmission 

One  hundred  and  ten  miles  of  spiral-four  cable  was  ordered  for  the  long-period 
array.  This  cable  was  received  at  TFSO  in  June  1967.  Long-period  site  4 
located  near  Young,  Arizona,  will  utilize  existing  microwave  telephone  circuits. 

A  special  grade  circuit  (4 -A),  has  been  requested  and  should  be  available  some¬ 
time  around  the  middle  of  July.  A  query  was  sent  to  Mountain  Stales  Telephone 
Company  regarding  the  possible  use  of  telephone  transmission  from  long- 
period  site  3.  A  telephone  line  runs  within  approximately  one  mile  of  this 
proposed  site  now,  but  tha  carrier  is  not  stable  enough  for  data  transmission. 

We  have  asked  Mountain  States  Telephone  Company  to  consider  changing 
carriers  on  this  particular  circuitleg;  no  reply  has  been  received  to  date. 
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STATEMENT  OF  WORK  TO  BE  PONE 
(AFTAC  Project  Authorisation  No.  VELA  T/7702/S/ASD)  (32) 


TaekA: 

a.  Operation: 

(1)  Continue  operation  of  the  Tonto  Fores;-  Selsmologlcal 
Observatory  (TFSO) ,  normally  recording  data  continuously. 

(2)  Evaluate  the  seismic  data  to  determine  optimum  operational 
characteristics  and  make  changes  in  the  operating  parameters  as  may  be 
required  to  provide  the  most  effective  observatory  possible.  ■  Addition 
and  modification  of  instrumentation  are  within  the  scope  of  Work. 

However,  such  instrument  modifications  and  additions,  data  evaluation, 
and  major  parameter  changes  are  subject  to  the  prior  approval  of  the 
AFTAC  project  officer. 

(3)  Conduct  routine  daily  analysis  of  seismic  data  at  the 
observatory  and  transmit  daily  seismic  reports  to  the  Environmental 
Science  Services  Administration,  Coast  and  Geodetic  Survey,  Wash  DC 

using  the  established  report  format  and  detailed  instructions. 

(4)  Record  the  results  of  daily  analysis  on  magnetic  tape  in  a 
format  compatible  with  the  automated  bulletin  program  used  by  the 
Seismic  Data  Laboratory  (SDL)  in  their  preparation  of  the  seiemological 
bulletin  of  the  VELA-UNIFORM  selsmologlcal  observatories.  The  format 
should  be  established  by  coordination  with  SDL  through  the  AFTAC  project 
officer.  The  schedule  of  routine  shipments  of  these  prepared  magnetic 
tapes  to  SDL  will  be  established  by  the  AFTAC  project  officer. 

(5)  Establish  quality  control  procedures  and  cortduCtrquAltpy 
control,  as  necessary,  to  assure  the  recording  of  high  qu&lipy 'dafia^on 
both  magnetic  tape  and  film.  Past  experience  indicates  that  a  quality 
control  review  of  one  magnetic  tape  per  magnetic  tape  recorder  at  the 
observatory  during  each  week  is  satisfactory  unless  quality  control 
tolerances  have  been  exceeded  and  the  necessity  of  additional  qualify 
control  arises.  Quality  control  of  ihagnetic  tai  ;  should  include,  but 
need  not  necessarily  be  limited  to,  the  following  items: 

(a)  Completeness  &nd  accuracy  of  operation  logs. 

(b)  Accuracy  of  observatory  measurements  of  system  noise  and 
e^ivalent  ground  motion. 

(c)  Quality  and  completeness  of  voice  comments. 

(d)  Examination  of  all  calibration  to  assure  that  clipping 
does  not  occur. 

(e)  Determination  of  relative  phase  shift  on  all  array 


seismographs. 
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(£)  Measurement  of  DC  unbalance. 

00  Presence  a  id  accuracy  of  tape  calibration  and  alignment. 

(h)  Check  of  uncompensated  loisa  on  each  .channlil.  t 

(i)  Check  of  uncompensated  slgnal-to-nols*  of  channel  7. 

(J)  Chuck  ol  general  strength  and  quality  of  timing  data 
derived  from  National  Bureau  of  Standards  Station  WWV. 

(k)  Check  of  tlmo  pulse  modulated  60  cps  on  channel  14  for 
adequate  signal  lovol  and  for  presence  of  time  pulses. 

(l)  Check  of  synchronisation  of  digital  time  encoder  with 

WWV. 

(6)  Provide  observatory  facilities,  accompanying  technical 
assistance  by  observatory  personnel,  and  seismolosiical  data  to  requesting 
organisations  and  individuals  after  approval  by  the  AFTAC  project  officer. 

(7)  Maintain,  repair,  protect,  and  preserve  the  facilities  of 
TFSO  in  good  physical  condition  in  accordance  with  sound  industrial 
practice. 

* 

b.  Instrument  Evaluation:  On  approval  by  the  AFTAC  project  officer, 

evaluate  the  performance  characteristics  of  experimental  or  off-the-shelf  / 

equipment  offering  potential  Improvement  in  the  performance  of  observatory 

seismograph  systems.  Operation  and  test  of  such  Instrumentation  under 

field  conditions  should  normally  be  preceded  by  laboratory  test  and 

evaluation. 

c.  Special  Investigations: 

(1)  Conduct  research  investigations  as  approved  or  requested  by 
the  AFTAC  project  officer  to  obtain  fundamental  information  which  will 
lead  to  improvements  in  the  detection  capability  of  TFSO.  These  programs 
should  take  advantage  of  geological,  meteorological,  and  seismological 
conditions  of  the  observatory.  The  following  special  studies  should  be 
accomplished: 

(a)  Design  and  install  an  array  of  approximately  37  short- 
period  vertical  seismographs.  This  array  should  be  about  30  kilometers 
in  diameter.  The  equipment  and  detector  sites  of  existing  arrays  should 
ba  used  to  the  extent  possible  in  the  design  of  the  extended  array. 

(b)  Design  and  install  a  7  to  10  element  array  of  long-period 
seismographs.  This  array  should  be  approximately  30  kilometers  in  diameter. 

(c)  Evaluate  the  beam-steering  capabilities  of  both  array*. 
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(2)  Research  might  pursue  investigations  in,  but  is  not 
necessarily  limited  to,  the  following  areas  of  interest t  icrcseismic 

noise,  signal  characteristics,  data  presentation,  detection  threshold, 
and  array  design  (surface  and  shallow  borehole). 


(3)  Prior  to  commencing  any  research  investigation,  AFTAC 
approval  of  the  proposed  investigation  and  of  a  comprehensive  program 
outline  of  the  intended  research  must  be  obtained. 
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